The present study is the first phase II clinical trial aimed to evaluate the efficacy and safety of S-1 plus nanoparticle albumin-bound paclitaxel (Nab-PTX) as first-line chemotherapy for advanced gastric cancer (AGC (6.8%), vomiting (2.7%), stomatitis (1.4%), peripheral neuropathy (1.4%), and handfoot syndrome (1.4%). Seven patients achieved good responses and underwent gastrectomy plus metastasectomy. Thirty (41.1%) patients had S-1 maintenance with a median of four cycles. S-1 plus Nab-PTX is an efficient and safe regimen as first-line treatment for patients with AGC.
| INTRODUC TI ON
Gastric cancer remains the third leading cause of cancer-related death worldwide and is especially frequent in East Asia. 1 Despite many drug combinations and even targeting human epidermal growth factor receptor 2 (HER2) in a small subset of HER2-positive patients, the outcomes of patients with advanced gastric cancer (AGC) are still not satisfactory. 2 Fluoropyrimidines combined with platinums are the most common first-line chemotherapy for AGC. 3, 4 S-1, an oral fluoropyrimidine, is prevalently used in Asian countries including China due to its simplicity and convenience of drug administration. 5, 6 Addition of docetaxel to fluorouracil plus cisplatin (DCF), a standard triplet first-line option used especially in Europe and USA, is superior to fluorouracil plus cisplatin (CF) in terms of efficacy. However, the benefit of overall survival (OS) is moderate, and high rates of severe toxicities limit its routine use. 7 In the first-line setting, taxanes are also important components of non-platinum doublets that are accepted in some Asian areas with similar efficacy and similar or lower toxicity compared to platinum regimens. A meta-analysis that we conducted found no statistically significant increase in response or overall survival when platinum therapies were used compared to new-generation non-platinum regimens (S-1, taxanes and irinotecan) as first-line treatment, and the toxicity of platinum therapies was significantly higher for hematological toxicity, nausea, vomiting, and neurotoxicity. 8 The synergistic effect of paclitaxel and S-1 was reported in the mouse model, and paclitaxel or docetaxel in combination with S-1 was reported effective and well tolerated as first-line chemotherapy for AGC by phase II or phase III clinical trials, respectively. [9] [10] [11] Furthermore, in particular cases where patients cannot receive platinums as a result of renal dysfunction or other treatmentrelated adverse effects such as ototoxicity, an efficient first-line chemotherapy regimen without platinum is needed, and taxanes are valid options for platinum-intolerant patients. It is significative to explore equivalent and low toxic taxane-based non-platinum doublets as first-line treatment.
Nanoparticle albumin-bound paclitaxel (Nab-PTX [Abraxane];
Celgene, Summit, NJ, USA) has an advantage over solvent-based paclitaxel as it can deliver a higher dose of paclitaxel into tumors and decrease the incidence of serious toxicities. To date, Nab-PTX has been indicated for breast cancer, pancreatic cancer and non-small-cell lung cancer. [12] [13] [14] Taxanes including paclitaxel and docetaxel are commonly used as the second-line treatment for AGC after failure to first-line chemotherapy of fluoropyrimidine plus platinum. However, very little is known about the role of Nab-PTX in gastric cancer. A Japanese phase II trial reported that Nab-PTX (260 mg/m 2 on d1, q3w) has promising activity and well-tolerated toxicities as second-line chemotherapy against previously treated AGC. Thus, Nab-PTX has been approved as a second-line option for AGC in Japan. 15 A randomized phase III ABSOLUTE trial showed that 3/4 weekly Nab-PTX (100 mg/m 2 , on days 1, 8, and 15, q4w) was non-inferior to weekly solvent-based paclitaxel in terms of overall survival, with a similar safety profile and a lower incidence of hypersensitivity reactions, and the advantages of the Nab-PTX formulation make it a potential regimen for second-line treatment of gastric cancer. 16 The safety of S-1 plus Nab-PTX was confirmed in a phase I study of metastatic breast cancer. 17 The synergistic effect of capecitabine and Nab-PTX was observed in a phase II study of metastatic breast cancer. 18 Recently, a phase I study for the first time showed that the combination of S-1 plus Nab-PTX was well tolerated and had antitumor efficacy with an overall response rate (ORR) of 54.5% and median progression-free survival (PFS) of 5.8 months as first-line treatment for AGC patients. 19 We previously conducted dose escalation of Nab-PTX plus 
| MATERIAL S AND ME THODS

| Patient selection
| Treatment schedule
All 
| Response and adverse event assessment
Clinical and laboratory examinations were carried out within 7 days before enrolment and each chemotherapy cycle afterward. Tumors were measured using computed tomographic scans, within 15 days before enrolment and every two cycles afterward, according to RECIST v1.1. Patients were considered response-assessable if they had overt clinical or radiological evidence of early progression (PD) within the first two cycles. All treatment-related toxicities were categorized according to NCI-CTCAE v4.0.
| Statistical analyses
Primary endpoint of this study was PFS, whereas secondary endpoints were ORR, OS, disease control rate (DCR), and toxicity.
Primary endpoint of this study was to test the hypothesis that S-1 plus Nab-PTX would improve median PFS from 5.6 months (on the basis of parent DCF regimen) to 8.0 months. 7 With α = 0.05 and β = 0.2, a sample size of 65 patients was required.
Considering a drop-off of 10%, 72 patients were required in this study.
The Kaplan-Meier method was used to estimate the distribution of time to events. PFS was determined from the date of treatment to PD or death. OS was calculated from the date of treatment to death from any cause or the last follow-up date. Two-sided log-rank test was used for subgroup analyses. Cox proportional hazards model TA B L E 1 Baseline characteristics of patients receiving S-1 plus Nab-PTX for advanced gastric cancer TA B L E 1 (Continued) was used for multivariate analyses of survival. Statistical analyses were carried out using SPSS 19.0. (Table S1 ).
| RE SULTS
| Patient characteristics
| Efficacy
Subgroup analysis showed significantly prolonged PFS (median Multivariate analysis showed that ascites, gastrectomy plus metastasectomy, and baseline lactate dehydrogenase were significantly associated with PFS (Table S2 ). Multivariate analysis showed that ECOG performance status was significantly associated with OS (Table S3 ).
| Toxicity, feasibility and treatment compliance
A total of 62 (84.9%) patients experienced toxicity. Most cases of toxicity were mild, and no treatment-related deaths occurred. The most frequent F I G U R E 1 Kaplan-Meier curve of progression-free survival. CI, confidence interval; PFS, progression-free survival F I G U R E 2 Kaplan-Meier curve of overall survival. CI, confidence interval; OS, overall survival hematological toxicities were leukopenia (58.9%) and neutropenia (37.0%), and febrile neutropenia was observed in one patient (1.4%).
The most frequent non-hematological toxicities were diarrhea (15.1%), transaminase elevation (13.7%), peripheral neuropathy (12.3%), and stomatitis (11.0%). Grade 3 to 4 toxicities occurred in 22 (30.1%) patients, and grade 4 toxicity (neutropenia) occurred in one (1.4%) patient.
Grade 3 toxicities included leukopenia (13.7%), neutropenia (12.3%), anemia (5.5%), thrombocytopenia (1.4%), diarrhea (6.8%), vomiting (2.7%), stomatitis (1.4%), peripheral neuropathy (1.4%), and hand-foot syndrome (1.4%) ( Table 2 ). There were no new safety concerns related to Nab-PTX.
Nine (12.3%) patients had a dose reduction of S-1. Main reasons for S-1 dose reduction were grade 3 leukopenia or neutropenia (8/73, 11.0%) and grade 3 diarrhea (3/73, 4.1%). One (1.4%) patient had a dose reduction of both S-1 and Nab-PTX as a result of grade 3 leukopenia and thrombocytopenia. The course of one (1.4%) patient was delayed by 21 days as a result of grade 2 leukopenia with herpes zoster. Three (4.1%) patients discontinued S-1 plus Nab-PTX as a result of grade 3
hand-foot syndrome, febrile neutropenia, and grade 3 peripheral neuropathy, respectively, whereas three patients (4.1%) discontinued Nab-PTX as a result of grade 2 peripheral neuropathy and grade 3 stomatitis (Table S4) . Grade 3 peripheral neuropathy was reversible and improved to grade 1 within 22 days after discontinuation.
| D ISCUSS I ON
In the present study, the combination of 240 mg/m 2 three-weekly Nab-PTX doses evenly divided on d1 and d8 and S-1 d1-14 every 16 AGC patients enrolled. 19 In particular, S-1 plus Nab-PTX yielded a complete response rate of 5.5%, which is higher than data from those phase III trials. Furthermore, the hypothesis that S-1 plus Nab-PTX would improve median PFS from 5.6 months (on the basis of parent DCF regimen) to 8.0 months was met. 7 At the last follow up, 62
TA B L E 2 Toxicity of S-1 plus Nab-PTX in patients with advanced gastric cancer (84.9%) of 73 patients had progressive cancer. Among the 11 censored patients, five (6.8%) patients still had PR or stable disease, whereas six patients were lost to follow up after treatment with a drop-out rate of 8.2%. Even though we excluded drop-out patients, median PFS and OS were 8.83 months and 14.60 months, respectively and, thus, the hypothesis was still met. The majority included in the present study were HER2-negative patients, whereas the minority were with no direct comparison data. 2 Further phase III study of S-1 plus Nab-PTX combined with trastuzumab for HER2-positive AGC patients is expected to provide more information on this subject.
Safety advantages were observed in the present study for the rates of grade 3 to 4 toxicities compared with fluoropyrimidines plus platinums reported in historical trials, although no direct comparison data are available. 4, 5, 7 In particular, in the present study, creatinine elevation was mild, with no ototoxicity and infrequent grade 3 to 4 peripheral neuropathy. The most frequent overall and grade 3 to 4 hematological toxicities were leukopenia and neutropenia, which occurred at a lower rate than those reported for Nab-PTX in breast, pancreatic, non-small-cell and gastric cancer. [12] [13] [14] [15] 19 The most frequent grade 3 to 4 non-hematological toxicities were diarrhea, vomiting, peripheral neuropathy, hand-foot syndrome, and stomatitis. Historical trials reported that peripheral neuropathy and fatigue were the most common grade 3 to 4 non-hematological toxicities of Nab-PTX, [12] [13] [14] [15] whereas diarrhea, vomiting, hand-foot syndrome, and stomatitis were common toxicities related to S-1. There seemed to be a correlation between the dose schedule and rate of grade 3 to 4 peripheral neuropathy. The three-weekly Nab-PTX (260 mg/m 2 )
dose yielded 7%-23.6% grade 3 to 4 peripheral neuropathy, significantly higher than paclitaxel. 12, 15, 16 Weekly Nab-PTX (100 mg/m 2 ) yielded 3%, significantly lower than paclitaxel, 14 3/4 weekly Nab-PTX (125 mg/m 2 on d1, d8, and d15, q4w) yielded 17%, significantly higher than paclitaxel, 13 whereas 3/4 weekly Nab-PTX (100 mg/m 2 on d1, d8, and d15, q4w) yielded 2%, non-inferior to paclitaxel. 16 The 2/3 weekly Nab-PTX (120 mg/m 2 on d1 and d8, q3w) in the present study was confirmed to improve tolerance by observations of less frequent toxicities, especially grade 3 to 4 peripheral neuropathy, and infrequent toxicity-related discontinuations, dose reductions, and dose delays.
In the present study, age was not associated with the response, PFS, OS, grade 3 to 4 toxicities, dose reduction, or discontinuation, indicating that age did not affect the efficacy or tolerance of S-1 plus Nab-PTX. A previous study found no differences for pharmacodynamic variables of Nab-PTX in patients with metastatic breast cancer based on age and concluded that 3/4 weekly Nab-PTX was well tolerated across all age groups. 23 Considering its convenience, compliance, and feasibility, this 2/3 weekly Nab-PTX (120 mg/m 2 on d1 and d8, q3w) plus S-1 was a favorable option across all age groups, including elderly patients.
Seven patients achieved good responses and underwent gastrectomy plus metastasectomy with R0 resection. These patients had a prolonged PFS and OS compared to the other patients, as indicated by separated PFS and OS curves. Nevertheless, a PFS of 8.50 months still met the primary endpoint even though patients with gastrectomy plus metastasectomy were excluded. Multivariate analysis showed gastrectomy plus metastasectomy was an independent prognostic factor for PFS; however, it was not prognostic for OS. Currently, there are debates on the role of palliative gastrectomy, and a phase III randomized-controlled REGATTA trial reported that gastrectomy plus chemotherapy had no survival benefit over chemotherapy alone for AGC patients with a single non-curable factor. 24 However, little is known about the value of gastrectomy plus metastasectomy after first-line chemotherapy. Our data showed gastrectomy plus metastasectomy may have a preliminary role in improving progression-free survival, and we expect a phase III trial of conversion chemotherapy with or without gastrectomy plus metastasectomy for AGC patients with limited metastasis.
The proportion of Chinese AGC patients receiving second-line chemotherapy is not high, 25, 26 which is similar to that reported for European and USA patients, 5, 7, 27 and lower than that for Japanese and Korean patients in the phase III trials. 2, 11, 20 The same thing happened in our present study and 35.6% of patients received secondline chemotherapy, which limits the contribution to overall survival.
Apart from patients who died of progressive cancers during or shortly after first-line chemotherapy, who still had PR or stable diseases until the last follow up, and patients lost to follow up, there were actually 16 (21.9%) patients who were reluctant to receive second-line chemotherapy after failure with first-line, even though platinums, irinotecan, and fluoropyrimidines are partially covered by Chinese medical insurance. These patients had weak treatment will for second-line treatment, low financial status, or the proportions of their medical compensations were not high based on different residential areas.
Dose schedules of Nab-PTX varied across phase I to III trials, and three-weekly 260 mg/m 2 doses were used in breast and gastric cancers. 15, 17, 19 The ABSOLUTE trial that explored 3/4 weekly Nab-PTX (100 mg/m 2 on d1, d8, and d15, q4w) was non-inferior to weekly solvent-based paclitaxel as second-line treatment of gastric cancer, which added evidence for divided doses of Nab-PTX. 16 Based on the dose-escalation of Nab-PTX with divided doses in combination with standard S-1, in the present study, we use the recommended dose for Nab-PTX 120 mg/m 2 on d1 and d8, q3w, achieving an efficacy/toxicity balance. A previous study showed the peritoneal metastases are an independent prognostic factor of poor survival in AGC patients. 28 In this one-arm trial where all patients received the same regimen, we found patients with peritoneal metastases had no significantly different efficacy or prognosis than other patients, which may indicate S-1 plus Nab-PTX had similar efficacy in patients with peritoneal metastases or without. Because the sample sizes of the subgroups in our study were small, further study is required to confirm this good observation for patients with peritoneal metastases. The ABSOLUTE trial found patients with peritoneal metastases benefit more from Nab-PTX than solventbased paclitaxel, 16 the reasons for which are worth further study and may help define the benefiting group of Nab-PTX.
The excellent efficacy of nab-paclitaxel may, in part, be explained by the high and preferential intratumor paclitaxel concentration achieved by nab-technology. Albumin receptor-mediated transcytosis of PTX and binding of albumin-bound Nab-PTX to interstitial albumin-binding proteins, such as secreted protein acidic and rich in cysteine (SPARC), play an important role. Whether there is mechanistic synergy between Nab-PTX with S-1 and whether SPARC predicts outcomes remain to be explored in a further study.
In conclusion, S-1 plus Nab-PTX (120 mg/m 2 on d1 and d8, q3w)
is an encouraging option as first-line treatment for patients with metastatic gastric cancer, and it had promising efficacy, acceptable safety, and convenience, warranting phase III evaluation.
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